The genome of a rod-shaped virus, aa, isolated from Spiroplasma citri, has been examined. Electron microscopy and single strand-specific $l nuclease digestion showed that the genome is a single-stranded circular molecule of 8.5 kilobases. Two replicative forms of DNA have been isolated, a supercoiled double-stranded circular molecule and a nicked form derived from it. A physical map of the replicative forms has been constructed.
Most strains of the plant-pathogenic prokaryote Spiroplasma citri are persistently infected by rod-shaped viruses (Cole, 1979) . Preliminary characterization of a rod-shaped virus isolated from the honeybee strain of S. citri, KC3, showed that it had a non@tic mode of infection and contained DNA, but the size and conformation of the genome were not determined (Liss & Cole, 1981) . In this paper we describe the properties of the genome of a rod-shaped spiroplasma virus, aa, isolated from S. citri strain SP-V3 (Alivizatos, 1981) .
Virus aa was propagated in S. citri strain SP-A on which it forms small turbid plaques (Alivizatos, 1981) . One litre cultures of SMC medium (Townsend et al., 1977) containing approximately 108 SP-A cells/ml were infected with virus at an m.o.i, of 0.1, and the cells were harvested after 3 days incubation at 32 °C. Because the virus adsorbs strongly to membrane fragments of disrupted host cells (M. J. Dickinson & R. Townsend, unpublished observations) , the spiroplasmas were removed by low-speed centrifugation (10000 g for 30 min at 20 °C) and the supernatant was treated with the non-ionic detergent Nonidet P40 (0.4%), to solublize lipoprotein membranes. The virus was pelleted by high-speed centrifugation (65000 g for 2.5 h at 4 °C) and the resulting pellet resuspended in 10 mM-Tris-HC1 pH 7.9. CsC1 was added to a final density of 1.39 g/ml and the virus was banded to equilibrium by centrifugation (145 000g for 18 h at 20 °C). The visible virus band at a density of 1.39 g/ml was extracted and CsCI removed by dialysis. Purified virus was applied to carbon-coated grids for electron microscopy and negatively stained with 3 ~ (w/v) ammonium molybdate. Numerous rods of approximately 240 to 260 nm by 10 to 15 nm were visible together with occasional particles of two to four times this length.
Virion DNA was extracted by digesting purified virus with 0.1 mg/ml Pronase type XIV (Sigma) at 37 °C in the presence of 0.5% SDS, 1 ~ (w/v) sodium lauryl sarcosinate and 10 mM-EDTA for 2 h. Degraded protein was removed by extraction with chloroform-saturated phenol, and the DNA precipitated by addition of ethanol. DNA was resuspended in 10 mM-Tris-HC1 pH 7.9, 1 mM-EDTA (TE). Digestion with single strand-specific $1 nuclease (Sigma) was performed at 4 °C essentially by the method of Vogt (1973) . Electrophoretic analysis of DNA in agarose gels was as described previously (Dickinson et al., 1984) .
Virion DNA resolved into two bands when electrophoresed in 0.7% agarose gels, both of which disappeared after treatment with $1 nuclease. The faster migrating band corresponded to a linear single-stranded (ss) molecule of 8.5 kilobases (kb). Electron micrographs of the DNA prepared by the method of Kleinschmidt (1968) indicated a population of linear and circular molecules with a size of 8-5 kb (Fig. 1) . These results suggest that the virion DNA is an ss circular molecule of 8.5 kb and that a proportion of the circles break during purification to give linear molecules.
Replicative forms of viral DNA were isolated by a modification of the alkaline extraction method of Birnboim & Doly (1979) , in which the lysozyme digestion step was omitted because spiroplasmas have no cell wall. One litre of SP-A cells (108 cells/ml) was infected with aa virus at an m.o.i of between 1 and 10 and incubated at 32 °C for 5 h. Alkaline-extracted D N A was resuspended in 100 m~-Tris-HC1 pH 7.4, 10 mM-EDTA containing 0.1 mg/ml ethidium bromide, and CsC1 was added to give a final density of 1.55 g/ml at 20 °C. After centrifugation (150000 g for 18 h at 20 °C), a broad band containing the visible ethidium bromide-stained DNA was extracted, and the ethidium bromide removed using CsCl-saturated isobutanol. CsC1 was removed by dialysis and the DNA ethanol-precipitated and resuspended in TE.
When electrophoresed in agarose gels, the DNA separated into four bands (Fig. 2, lane 1) , and two of these corresponded to the virion ssDNA molecules and were digested by S1 nuclease (Fig.  2, lane 2) . A minor band was occasionally apparent between the two $1 nuclease-resistant bands and corresponded in size to a linear double-stranded (ds) molecule of 8.5 kilobase pairs (kbp). Digestion with the restriction endonuclease EcoRI left the two virion bands intact but cut the other two DNAs into two fragments of 4.0 and 4.5 kbp (Fig. 2, lane 3) . Subsequent digestion with Sj nuclease removed the virion bands and produced two minor bands of 3.6 and 0.9 kbp. (Fig 2, lane 4) . Similarly, digestion with HinfI gave two bands of 6.0 and 2.5 kbp, and subsequent $1 digestion produced two additional bands of 5-0 and 1.0 kbp (Fig. 2, lanes 5 and 6) . DNA that had been treated with $1 nuctease and then labelled with [32p]dATP by nick translation (Rigby et al., 1977) hybridized with virion ssDNA transferred to nitrocellulose (Southern, 1975) , thus confirming the viral origin of the dsDNA.
Electron micrographs of the replicative form (RF) DNA revealed a mixture of open circles and supercoiled molecules. These results are consistent with the two forms in agarose gels being a ds covalently closed circular (c.c.c.) supercoiled molecule (RF I) and a nicked form of it (RF II). Under the mild conditions used, $I nuclease digests some of RF II at the nicked site to give the fifth band corresponding to linear dsDNA. Digestion of the circular RF molecules with EcoRI or HinfI produces two fragments which add up to 8-5 kbp. S~ nuclease digests some of these fragments at the nicked site to account for the two additional minor bands whose molecular weights add up to that of one of the major bands.
Using single and double digestions with a number of restriction endonucleases, we have obtained a physical map of the replicative forms of the virus. EcoRI, BglII and PvuII were prepared in this laboratory by P. E. Dickerson and J. A. Downie. Other endonucleases were obtained from Bethesda Research Laboratories. Digestions were performed in 25 mM-Tris-HC1 pH 7.2, 10 mM-MgClz, 50 mM-NaC1 and 2 mM-2-mercaptoethanol at 37 °C for 1 h. The S~-sensitive site of RF II has been taken as the origin, O, in the physical map (Fig. 3) . BamHI, PvulI, HindlII, Sau3AI, Avail, BgllI, PstI, Sail, SstI and HaelII failed to cut aa replicative form DNA. DdeI, TaqI, and RsaI cut at more than five sites. The relative infrequency of restriction endonuclease cleavage sites is a feature of spiroplasma virus DNAs and presumably reflects their unusual G + C contents, which can be as low as 26~. 
